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58 AN EXPLORATORY ASSIGNMENT

qtifier of a node. When you receive a sent node, you mark it. Also you invoke the

ide : : '
ing rule, which takes effect before I send out the next node

following mar k
, [fanode and its sibling are marked, its parent is marked.
, [fanode and its parent are marked, the other sibling is marked.

The marking rule 1s applied recursively as much as possible before the next node
i sent. For example, in Figure 5.3, the marked nodes are filled in. The arrival of the
node labeled by an X will allow you to mark the remainder of the nodes as you appl
the marking rule first up and then down the tree. Keep in mind that you, always applil/

the marking rule as much as possible.
Now let us consider the different ways in which I might be sending you the nodes.

Process 1: Each unit of time, I send the identifier of a node chosen independently and
uniformly at random from all of the N nodes. Note that I might send you a node that
is already marked, and in fact I may send a useless node that I have already sent.

Process 2: Each unit of time I send the identifier of a node chosen uniformly at ran-
dom from those nodes that I have not yet sent. Again, a node that has already been
marked might arrive, but each node will be sent at most once.

Process 3: Each unit of time I send the identifier of a node chosen uniformly at random

from those nodes that you have not yet marked.

We want to determine how many time steps are needed before all the nodes are
marked for each of these processes. Begin by writing programs to simulate the send-
ing processes and the marking rule. Run each process ten times for each value of n in

the range [10, 20]. Present the data from your experiments in a clear, easy-to-read fash-
ion and explain your data suitably. A tip: You may find it useful to have your program
print out the last node that was sent before the tree became completely marked.

1. For the first process, prove that the expected number of nodes sent is Q2(N log N).

How well does this match your simulations?
2. For the second process, you should find that almost all N nodes must be sent before

the tree is marked. Show that, with constant probability, at least N — 2+/N nodes

must be sent. . _ A
3. The behavior of the third process might seem a bit unusual. Explain it with a proof.

After answering these questions, you may wish to consider other facts you could prove

about these processes.
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